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2.1.12 Pre-Programmed UART Bootloader

The bootloader presented in application note AN0O0O3 is pre-programmed in the device at factory. Auto-
baud and destructive write are supported. The autobaud feature, interface and commands are described
further in the application note.

2.1.13 Low Energy Universal Asynchronous Receiver/Transmitter
(LEUART)

The unique LEUARTTM, the Low Energy UART, is a UART that allows two-way UART communication on
a strict power budget. Only a 32.768 kHz clock is needed to allow UART communication up to 9600 baud/
s. The LEUART includes all necessary hardware support to make asynchronous serial communication
possible with minimum of software intervention and energy consumption.

2.1.14 Timer/Counter (TIMER)

The 16-bit general purpose Timer has 3 compare/capture channels for input capture and compare/Pulse-
Width Modulation (PWM) output. TIMERO also includes a Dead-Time Insertion module suitable for motor
control applications.

2.1.15 Real Time Counter (RTC)

The Real Time Counter (RTC) contains a 24-bit counter and is clocked either by a 32.768 kHz crystal
oscillator, or a 32.768 kHz RC oscillator. In addition to energy modes EMO and EM1, the RTC is also
available in EM2. This makes it ideal for keeping track of time since the RTC is enabled in EM2 where
most of the device is powered down.

2.1.16 Pulse Counter (PCNT)

The Pulse Counter (PCNT) can be used for counting pulses on a single input or to decode quadrature
encoded inputs. It runs off either the internal LFACLK or the PCNTn_SOIN pin as external clock source.
The module may operate in energy mode EMO - EM3.

2.1.17 Analog Comparator (ACMP)

The Analog Comparator is used to compare the voltage of two analog inputs, with a digital output indi-
cating which input voltage is higher. Inputs can either be one of the selectable internal references or from
external pins. Response time and thereby also the current consumption can be configured by altering
the current supply to the comparator.

2.1.18 Voltage Comparator (VCMP)

The Voltage Supply Comparator is used to monitor the supply voltage from software. An interrupt can
be generated when the supply falls below or rises above a programmable threshold. Response time and
thereby also the current consumption can be configured by altering the current supply to the comparator.

2.1.19 Analog to Digital Converter (ADC)

The ADC is a Successive Approximation Register (SAR) architecture, with a resolution of up to 12 bits
at up to one million samples per second. The integrated input mux can select inputs from 4 external
pins and 6 internal signals.

2.1.20 Current Digital to Analog Converter (IDAC)

The current digital to analog converter can source or sink a configurable constant current, which can
be output on, or sinked from pin or ADC. The current is configurable with several ranges of various
step sizes.
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3 Electrical Characteristics

3.1 Test Conditions

3.1.1 Typical Values

The typical data are based on Tays=25°C and Vpp=3.0 V, as defined in Table 3.2 (p. 8), unless
otherwise specified.

3.1.2 Minimum and Maximum Values

The minimum and maximum values represent the worst conditions of ambient temperature, supply volt-
age and frequencies, as defined in Table 3.2 (p. 8) , unless otherwise specified.

3.2 Absolute Maximum Ratings

The absolute maximum ratings are stress ratings, and functional operation under such conditions are
not guaranteed. Stress beyond the limits specified in Table 3.1 (p. 8) may affect the device reliability
or cause permanent damage to the device. Functional operating conditions are given in Table 3.2 (p.
8).

Table 3.1. Absolute Maximum Ratings

Tste Storage tempera- -40 150" | °C
ture range

Ts Maximum soldering | Latest IPC/JEDEC J-STD-020 260 | °C
temperature Standard

VbDMAX External main sup- 0 38|V
ply voltage

VioPIN Voltage on any I/O -0.3 Vpp+0.3 | V
pin

"Based on programmed devices tested for 10000 hours at 150°C. Storage temperature affects retention of preprogrammed cal-
ibration values stored in flash. Please refer to the Flash section in the Electrical Characteristics for information on flash data re-
tention for different temperatures.

3.3 General Operating Conditions

3.3.1 General Operating Conditions

Table 3.2. General Operating Conditions

Tavs Ambient temperature range -40 85| °C
Vopop Operating supply voltage 1.98 38|V
faps Internal APB clock frequency 25 | MHz
faHB Internal AHB clock frequency 25 | MHz
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24 MHz HFXO, all peripheral 64 68 | A/
clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
24 MHz HFXO, all peripheral 67 71| uA/
clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
24 MHz USHFRCO, all periph- 85 91 | A/
eral clocks disabled, Vpp= 3.0 MHz
V, TAMB=25°C
24 MHz USHFRCO, all periph- 86 92 | pA/
eral clocks disabled, Vpp= 3.0 MHz
V, TAMB=85°C
24 MHz HFRCO, all peripher- 51 55 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
24 MHz HFRCO, all peripher- 52 56 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
21 MHz HFRCO, all peripher- 53 57 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
21 MHz HFRCO, all peripher- 54 58 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C

lem1 EM1 current
14 MHz HFRCO, all peripher- 56 59 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
14 MHz HFRCO, all peripher- 57 61 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
11 MHz HFRCO, all peripher- 58 61 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
11 MHz HFRCO, all peripher- 59 63 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
6.6 MHz HFRCO, all peripher- 64 68 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
6.6 MHz HFRCO, all peripher- 67 71 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
1.2 MHz HFRCO. all peripher- 106 114 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
1.2 MHz HFRCO. all peripher- 114 126 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
EM2 current with RTC 0.9 1.35 | pA
prescaled to 1 Hz, 32.768

lem2 EM2 current kHz LFRCO, Vpp= 3.0V,
TAMB=25°C
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Figure 3.3. EMO0 Current consumption while executing prime number calculation code from flash

with HFRCO running at 14 MHz

1.92F T T T T =
1.90F =
1.88} =
<
E
3 1.86} .
1.84} w5C
0°C
25°C
1.82} 60°C
’ 95°C
| | |
2.0 2.5 3.0 3.5
vdd (V)

Idd (mA)

1.92

1.84

1.82

— Vdd=1.98V
—— Vdd=3.0V
~—— Vdd=3.8V

20 40 60 80
Temperature (°C)

Figure 3.4. EMO0 Current consumption while executing prime number calculation code from flash

with HFRCO running at 11 MHz
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Figure 3.5. EMO Current consumption while executing prime number calculation code from flash
with HFRCO running at 6.6 MHz
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3.4.2 EM1 Current Consumption

Figure 3.6. EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 24 MHz
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3.4.3 EM2 Current Consumption

Figure 3.11. EM2 current consumption. RTC prescaled to 1kHz, 32.768 kHz LFRCO.
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3.4.4 EM3 Current Consumption

Figure 3.12. EM3 current consumption.
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Figure 3.17. Typical High-Level Output Current, 3V Supply Voltage
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Figure 3.25. Calibrated HFRCO 21 MHz Band Frequency vs Supply Voltage and Temperature
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3.9.5 AUXHFRCO
Table 3.12. AUXHFRCO
21 MHz frequency band 20.37 21.0 21.63 | MHz
14 MHz frequency band 13.58 14.0 14.42 | MHz
Oscillation frequen-
fAUXHFRCO cy, Vpp=3.0V, 11 MHz frequency band 10.67 11.0 11.33 | MHz
TAMB=25°C
7 MHz frequency band 6.40 6.60 6.80 | MHz
1 MHz frequency band 1.15 1.20 1.25 | MHz
tAUXHFRCO_settIingseming time after fAUXHFRCO =14 MHz 0.6 CyC|ES
start-up
21 MHz frequency band 52.8 kHz
. 14 MHz frequency band 36.9 kHz
requency step
TUNESTEPAuX-for L'sB changein | 11 MHz frequency band 30.1 kHz
HFRCO TUNING value
7 MHz frequency band 18.0 kHz
1 MHz frequency band 3.4 kHz
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VADCCMIN Common mode in- 0 VDD \%
put range
IADCIN Input current 2pF sampling capacitors <100 nA
CMRRppc Analog input com- 65 dB
mon mode rejection
ratio
1 MSamples/s, 12 bit, external 392 510 | pA
reference
10 kSamples/s 12 bit, internal 67 MA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b00
10 kSamples/s 12 bit, internal 63 MA
1.25 V reference, WARMUP-
| Average active cur- | MODE in ADCn_CTRL set to
ADC rent 0b01
10 kSamples/s 12 bit, internal 64 MA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b10
10 kSamples/s 12 bit, internal 244 MA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
Ob11
IADCREF Current consump- Internal voltage reference 65 MA
tion of internal volt-
age reference
Capcin Input capacitance 2 pF
Rapcin Input ON resistance 1 MOhm
RapcriLT Input RC filter resis- 10 kOhm
tance
CADCFILT Input RC filter/de- 250 fF
coupling capaci-
tance
fADCCLK ADC Clock Fre- 13 | MHz
quency
6 bit 7 ADC-
CLK
Cycles
8 bit 11 ADC-
tabccony Conversion time CLK
Cycles
12 bit 13 ADC-
CLK
Cycles
tabcaca Acquisition time Programmable 1 256 | ADC-
CLK
Cycles
tADCACQVDDS Required acquisi- 2 us
tion time for VDD/3
reference
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200 kSamples/s, 12 bit, single 76 dBc
ended, Vpp reference
200 kSamples/s, 12 bit, differ- 79 dBc
ential, internal 1.25V reference
200 kSamples/s, 12 bit, differ- 79 dBc
ential, internal 2.5V reference
200 kSamples/s, 12 bit, differ- 78 dBc
ential, 5V reference
200 kSamples/s, 12 bit, differ- 68 79 dBc
ential, Vpp reference
200 kSamples/s, 12 bit, differ- 79 dBc
ential, 2xVpp reference
After calibration, single ended -4 0.3 4| mVv
V ADCOFFSET Offset voltage
After calibration, differential 0.3 mV
-1.92 mV/°C
Thermometer out-
-6.3 ADC
TGRADApcTH put gradient Codes/
°C
DNLapc Differential non-lin- | Vpp= 3.0V, external 2.5V ref- -1 +0.7 4 | LSB
earity (DNL) erence
INLaDC Integral non-linear- +1.6 +3 | LSB
ity (INL), End point
method
MCapc No missing codes 11.999" 12 bits
Internal 1.25V, Vpp = 3V, 25°C 1.248 1.254 1.262 |V
Internal 1.25V, Full tempera- 1.188 1.254 1.302 |V
ADC Internal Volt- | ture and supply range
VREFanc age Reference
g Internal 2.5V, Vpp = 3V, 25°C 2.492 2.506 2520 |V
Internal 2.5V, Full temperature 2.402 2.506 2.600 |V

and supply range

on the average every ADC will have one missing code, most likely to appear around 2048 + n*512 where n can be a value in
the set{-3, -2, -1, 1, 2, 3}. There will be no missing code around 2048, and in spite of the missing code the ADC will be monotonic
at all times so that a response to a slowly increasing input will always be a slowly increasing output. Around the one code that is
missing, the neighbour codes will look wider in the DNL plot. The spectra will show spurs on the level of -78dBc for a full scale
input for chips that have the missing code issue.

The integral non-linearity (INL) and differential non-linearity parameters are explained in Figure 3.26 (p.
37) and Figure 3.27 (p. 37) , respectively.
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Figure 3.26. Integral Non-Linearity (INL)
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Figure 3.35. IDAC Sink Current as a function of voltage from IDAC_OUT
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Figure 3.36. IDAC linearity
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3.12 Analog Comparator (ACMP)

Table 3.25. ACMP

VACMPIN Input voltage range 0 Vpp | V

VACMPCM ACMP Common 0 VDD \%
Mode voltage range

BIASPROG=0b0000, FULL- 0.1 0.4 | pA
BIAS=0 and HALFBIAS=1 in
ACMPN_CTRL register

BIASPROG=0b1111, FULL- 2.87 15 | pA
lacvp Active current BIAS=0 and HALFBIAS=0 in
ACMPnN_CTRL register

BIASPROG=0b1111, FULL- 195 520 | pA
BIAS=1 and HALFBIAS=0 in
ACMPn_CTRL register

Internal voltage reference off. 0 MA
Current consump- Using external voltage refer-
IACMPREF tion of internal volt- | ence
age reference
Internal voltage reference 5 MA
Vacuprorrser | Offset voltage BIASPROG= 0b1010, FULL- -12 0 12 | mV

BIAS=0 and HALFBIAS=0 in
ACMPN_CTRL register

VACMPHYST ACMP hysteresis Programmable 17 mV

CSRESSEL=0b00 in 40 kOhm
ACMPRN_INPUTSEL

CSRESSEL=0b01 in 70 kOhm

Capacitive Sense ACMPn_INPUTSEL

Rcsres .
Internal Resistance | cgrESSEL=0b10 in 101 kOhm
ACMPn_INPUTSEL
CSRESSEL=0b11 in 132 kOhm
ACMPn_INPUTSEL
tACMPSTART Startup time 10 us

The total ACMP current is the sum of the contributions from the ACMP and its internal voltage reference
as given in Equation 3.1 (p. 47) . lacuprer is zero if an external voltage reference is used.

Total ACMP Active Current

lacmptoTAL = lacmp + lacmPREF (3.1)
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Figure 3.37. ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS = 0, HALFBIAS =1
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QFP48 Pin#
and Name

Pin Alternate Functionality / Description

2015-12-04 - EFM32HG222F XX - d0294_Rev1.00

3+ Pin Name Communication
E
3 PA2 TIMO_CC2 #0/1 CMU_CLKO #0
4 I0VDD_0 Digital 10 power supply 0.
5 VSS Ground.
USO_TX #5/6
6 PCO ACMPO_CHO P(T:IRIATOEfs?lN#iz 33}:&( i PRS_CH2 #0
12C0O_SDA #4
USO_RX #5/6
7 PC1 ACMPO_CH1 PEMTO&_CSC;ZIN#;Z 82}:& zg PRS_CH3 #0
12C0_SCL #4
8 PC2 ACMPOQO_CH2 TIMO_CDTIO #4 US1_RX#5
9 PC3 ACMPO_CH3 TIMO_CDTI1 #4 US1_CLK #5
10 PC4 ACMPOQO_CH4 TIMO_CDTI2 #4 GPIO_EM4WU6
11 PB7 LFXTAL_P TIM1_CCO #3 UUSS'IO__(;rS(#:O
12 PB8 LFXTAL_N TIM1_CC1 #3 32(1):?3( i
13 PA8 TIM2_CCO #0
14 PA9 TIM2_CC1 #0
15 PA10 TIM2_CC2 #0
Reset input, active low.
16 RESETn To apply an external reset source to this pin, it is required to only drive this pin low during reset, and let the internal pull-up
ensure that reset is released.
17 PB11 IDACO_OUT PI;IRJAT%_CSC?W#; " US1_CLK #4 i"é‘hjﬂ—Pco':'g B
18 VSS Ground.
19 AVDD_1 Analog power supply 1.
20 PB13 HFXTAL_P UI_SEOJ(?_I'.II.(X#:1/ 5
21 PB14 HFXTAL_N 8236(33)?‘;#/15
22 I0VDD_3 Digital 10 power supply 3.
23 AVDD_0 Analog power supply 0.
24 PD4 ADCO_CH4 LEUO_TX #0
25 PD5 ADCO_CH5 LEUO_RX #0
26 PD6 ADCO_CH6 PI:IMQG_CSCO?N#;a :;%B—_géﬂ? ACMPO_O #2
27 PD7 ADCO_CH7 P-(r)lkl/l'l%_cs(ﬂN#;S gig—;’éfzﬁ CMU_CLKO #2
28 VDD_DREG Power supply for on-chip voltage regulator.
29 DECOUPLE Decouple output for on-chip voltage regulator. An external capacitance of size CpecoupLe is required at this pin.
30 PC8 TIM2_CCO #2 USO_CS #2
31 PC9 TIM2_CC1 #2 USO_CLK #2 GPIO_EM4WU2
32 PC10 TIM2_CC2 #2 USO_RX #2
33 PC11 USO_TX #2
34 PC13 TIMO_CDTIO #1/6
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DIM MIN NOM MAX DIM MIN NOM MAX ‘
D 0.170 - 0.270 S1 - 4.500 BSC -
E 0.950 - 1.050 Vv - 9.000 BSC -
F 0.170 - 0.230 \Al - 4.500 BSC -
G - 0.500 BSC - w - 0.200 BSC -
H 0.050 - 0.150 AA - 1.000 BSC -
J 0.090 - 0.200
K 0.500 - 0.700
L ODEG - 7DEG

The TQFP48 Package is 7 by 7 mm in size and has a 0.5 mm pin pitch.
The TQFP48 package uses matte-Sn post plated leadframe.
All EFM32 packages are RoHS compliant and free of Bromine (Br) and Antimony (Sb).

For additional Quality and Environmental information, please see:
http://www.silabs.com/support/quality/pages/default.aspx
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6 Chip Marking, Revision and Errata

6.1 Chip Marking

In the illustration below package fields and position are shown.

Figure 6.1. Example Chip Marking (top view)

Orientation Mark Chip Family

.
ow | EFMI32

Version TS 110F 8

e jmmg?
roduction+—1
e 1015 \I

[
Revision

6.2 Revision

The revision of a chip can be determined from the "Revision" field in Figure 6.1 (p. 62) .

6.3 Errata

Please see the errata document for EFM32HG222 for description and resolution of device erratas. This

document is available in Simplicity Studio and online at:
http://www.silabs.com/support/pages/document-library.aspx?p=MCUs--32-bit

www.silabs.com
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Preliminary Release.
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B Contact Information

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

Please visit the Silicon Labs Technical Support web page:
http://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.
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